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(54) [Title of the Invention] 
Floppy Disk Device 

(57) [Abstract] 
[Purpose] 

Improves the rate of occurrence of sector errors attributable to the impossibility of 
clock synchronization, the non-detection of the demodulation start position, etc., as the 
result of a missing pulse or a burst error, in a floppy disk. 

[Constitution] 

A plurality of the respective clock synchronization signals sync l, 15, and 17 and 
demodulation start position signals DAM 2, 16, and 18 are recorded alternately, multiple 
respective units at a time, in a sector format; clock synchronization is established by 
means of any one of the clock synch signals sync; and any one of the demodulation start 
position signals DAM located thereafter is detected; thus the timing for operating the 
demodulation circuit is determined. 



1 1 st data area synch signal (IDsync) 

2 ID area demodulation start position signal (I DAM) 

3 I D area 

7 Data area 

8 ID portion 

9 Data portion 

' 5 i st data area synchronization signal (sync(a)) 

16 1 st data area demodulation start position signal (DAM (a)) 

1 7 2 nd data area synchronization signal (sync(b)) 

13 2 nd data area demodulation start position signal (DAM(b)) 
a 12 bytes ^ 
b 4 bytes 
c 512 bytes 




Key 



Idem Job No. 0706-101 Page 3 of 15 
Patent Application Public Disclosure No. H5-1 59465 

Translation from Japanese 

[Claims] 
[Claim 1] 

A floppy disk device characterized in that [on it] are recorded alternately multiple 
copies of both a demodulation start position signal that indicates the demodulation start 
position of the reproduced data string and a reproduction clock synchronization signal 
within the sector; and [in that it] is equipped with a means of generating the recorded 
information in a digital signal from a floppy disk on which information is recorded in 
sector units, a means of generating a frame synchronization signal from the reproduction 
clock synchronization signal, a means of detecting the demodulation start position signal 
and generating a demodulation start indication signal, and a means of demodulating the 
target data by means of the said demodulation start indication signal. 

[Detailed Explanation of the Invention] 
[0001] 

[Field of Industrial Application] 

The present invention relates to a floppy disk device used as an information output 
device, such as a computer. 

[0002] 
[Prior Art] 

The sector format for a conventional floppy disk (hereinafter abbreviated FD) is 
shown in Figure 8. In Figure 8, 1 is the ID area synchronization signal (hereinafter 
abbreviated IDsync) for synchronizing the reproduction device-side clock with the ID 
area signal; 2 is the ID area demodulation start position signal (hereinafter abbreviated 
IDAM) that indicates the start of the ID area; 3 is the ID area in which the address 
information for each sector is recorded; 4 is the GAP2 that functions as a buffer with the 
data portion during data recording and reproduction; 5 is the data area synchronization 
signal (hereinafter abbreviated sync) for synchronizing the reproduction device-side 
clock with the data area signal; 6 is the demodulation start position signal (hereinafter 
abbreviated DAM) that outputs the data area start position; and 7 is the data area in which 
user information is recorded. 

[0003] 

The aforementioned sector format's IDsync 1 to ID area 3 is called ID portion 8, and 
sync 5 to data area 7 is called data portion 9. 

[0004] 

Figure 9 is a block diagram showing the configuration of a conventional FD device. 
In Figure 9, 10 is the clock synchronization circuit that synchronizes the device-side 
clock with IDsync 1 and sync 5. 11 is the demodulation start position signal detection 
circuit (hereinafter abbreviated AM detection circuit) that detects IDAM 2 and DAM 6; 
12 is the demodulation circuit that demodulates the synchronized signal; 13 is the switch 
that switches between whether the demodulated data is the ID portion 8 or the data 
portion 9; and 14 is the CPU. 
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[0005] 

Next, the operation of the aforementioned conventional example will be explained. In 
Figure 9, a is the reproduction pulse that digitizes the reproduced signal, which is input 
into the clock synchronization circuit 10. The clock synchronization circuit 10 generates 
the reproduction clock signal by means of a PLL (phase- locked loop) by using IDsync 1, 
and [it] outputs the pulse data b synchronized with this reproduction clock signal. 

[0006] 

The pulse data b is input into the AM detection circuit 1 1 and the demodulation 
circuit 12, and in the AM detection circuit 11, 1DAM 2 is detected and the frame 
synchronization signal c is provided to the demodulation circuit 12. In addition, when the 
frame synchronization signal c is received at the demodulation circuit 12, demodulation 
is started, and the ID area 3 signal is demodulated into an NRZ (non-return-to-zero) 
signal. The [resulting] demodulated data d rs output and input into the switch 13. 

[0007] 

At the CPU 14, during the reproduction of the ID portion 8, the ID-data selection 
signal g is switched so as to output to the CPU side the ID area data h. In this state, the 
CPU 14 determines the ID area data h. If k does not have the desired address, [the CPU] 
awaits the next sector; if it has the desired address, [the CPU] switches the switch 1 3 by 
means of the ID-data selection signal g, so as to output the data area reproduced data e of 
the recorded data portion 9. 

[0008] 

Then, after the aforementioned desired ID detection, the clock synchronization 
circuit 1 0 generates the clock signal for reproduction, by using sync 5, and outputs the 
pulse data b. The pulse data b is input into the AM detection circuit 1 ! and the 
demodulation circuit 12, and when DAM 6 is detected by the AM detection circuit 11, 
[it] provides the frame synchronization signal c to the demodulation circuit 12. Upon 
receiving the frame synchronization signal c, the demodulation circuit 12 outputs the 
demodulated data d [obtained] by demodulating the signal of the data area 7 into an NRZ 
signal, [after which it] outputs the data area reproduced data e via the switch 13. 

[0009] 

As aforementioned.. DAM 6 is an important signal for recognizing the start of data. 
Formerly, DC erase frequently was used for DAM 6. Recently, however, because data 
loss (e.g., a missing pulse) sometimes is misdetected as DAM 6, an increasing number of 
methods use a specific pattern, 

[0010] 

[Problems That the Invention Is to Solve] 

However, in the aforementioned conventional FD device, when DAM 6 cannot be 
detected because of loss, such as data loss (missing pulse), the data area start position 
cannot be detected, so it sometimes is impossible to reproduce data. 
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[0011] 

Also, when a significant loss (hereinafter, hurst error) of several bytes occurs in 
sync 5, the PLL cannot synchronize, so the clock signal for reproduction cannot be 
generated. Consequently, a problem results: It becomes impossible to detect the DAM 6 
pattern, and the demodulated data d sometimes is not output faithfully. 

[0012] 

That is, there is a problem in that a bad sector is produced by me occurrence of a 
missing pulse or burst error in data portion 9 other than data area sync x DAM 6 5 etc. 

[0013] 

The present invention solves such conventional problems and aims at providing a 
superior FD device capable of reducing the incidence of bad sectors attributable to the 
inability to detect DAM 6 and the inability to generate a reproduction clock signal by 
means of sync 5., as the result of a burst error, missing pulse, etc, 

[0014] 

[Means of Solving the Problems] 

The present in vention is [configured] such that it is equipped alternately with multiple 
sync and DAM in the sector format, and if either sync or DAM is detected, it is possible 
to operate the demodulation circuit. 

[0015] 

[Function of the Invention] 

According to the present invention, only a DAM or sync, a plurality of which are 
provided in the sector format needs to be detected, which significantly reduces the 
incidence of bad sectors attributable to the inability to detect DAM and the inability to 
generate a reproduction clock signal by means of sync. 

[0016] 

[Embodiments] 

Figure 1 shows the sector format in one embodiment of the present invention. In 
Figure 1,15 is the 12-byte I st data area synchronization signal (hereinafter abbreviated 
sync(aY), 16 is the 4 -byte I st data area demodulation start position signal (hereinafter 
abbreviated DAM(a)). 17 is the 12-byte 2 nd dale; area synchronization signal (hereinafter 
abbreviated syric(b)), i8 is the 4-byte 2 nd data area demodulation start position signal 
(hereinafter abbreviated DAM(b)). and the other symbols are as explained in Figure 8. 

[0017] 

Figure 2 is a block diagram showing the configuration of the FD device of the first 
embodiment of the present invention. In Figure 2, members 10 through 14 correspond to 
[thosti in] Figure 9 or have equivalent functionality. As for the other symbols, 19 is the 
delay circuit, and 20 if. the timer. 
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[00 1 8] 

Next, the operation of the aforementioned first embodiment of the present invention 
will be explained, a is input into the clock synchronization circuit 10 in the reproduction 
pulse [obtained by] digitizing a reproduction signal. The clock synchronization circuit 10 
generates a reproduction dock signal by using IDsync I (see Figure 1) and outputs pulse 
data b synchronized with this reproduction clock signal. 

[0019] 

The pulse data b is input into the AM detection circuit 1 !, and when the 1DAM 2 is 
detected, the frame synchronization signal c is output, after which [it] is input into a delay 
circuit 1 9. The amount of delay of the delay circuit 1 9 is controlled by the delay 
indication signal k from the CPU 14. and the amount of delay is set to 0 in ID area 3. 

[0020] 

Consequently, the frame synchronization signal c' is output from the delay circuit 19 
to the demodulation circuit 12, but the timing in ID area 3 is identical to the frame 
synchronization signal c output from the AM detection circuit 1 1 . Demodulation starts at 
the demodulation circuit 12 that received the frame synchronization signal c\ and the 
demodulated data d [obtained by] demodulating the ID area 3 signal to an NRZ signal is 
output, after which it is input at switch 13. 

[0021] 

At the CPU 14, the ID-data selection signal g is switched so that, during the 
reproduction of the ID portion 8, the switch 13 outputs the ID area data h to the CPU 14. 
In this state, the CPU 14 detects the ID area data h. If [the address] is not the desired 
address, it awaits the next sector; if u is. it switches the ID-data selection signal g so that 
the switch 13 outputs the data area reproduced data e, for the continuously recorded data 
portion. 

[0022] 

Figure 3 is a flowchart showing the reproduction operation of the data portion 9, after 
the detection of the aforementioned desired ID area 3. Next, this figure will be used to 
explain the operation, with "step" abbreviated as S. 

[0023] 

First at S I , the- ID area 3 of the address, in which is recorded the desired data, is 
detected by means of the aforementioned procedure. At S2, after the desired I'D area 3 is 
read, the reproduction clock signal is generated by using sync(a) 1 15 in the clock 
synchronization circuit 10. At S3(a), [execution] waits until DAM(a) 1 6 is input by the 
AM detection circuit i 1 . if there is no problem, DAM(a) 16 is detected and the frame 
synchronization signal c is output to the delay circuit 1 9, the CPU 14, and the timer 20. 



Translators note: The: Japanese patent contains the ty do "syne(a).'* 
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[0024] 

Then, at S5(a), the delay circuit 19 delays the frame synchronization signal c received 
from the AM detection circuit 11, by the amount of sync(b) 17 and DAM(b) 18 (i.e., by 
16 bytes) and outputs the frame synchronization c f to the demodulation circuit 12. At the 
demodulation circuit 12, this frame synchronization c' is received, and the reproduction 
pulse for the data area 7 is demodulated and output as the demodulated data d. 

[0025] 

When DAM(a) 1 6 is detected at the aforementioned S3(a), the »oon S4(a) is used to 
monitor with the timer 20 the time from the detection of the ID area 3 to the detection of 
DAM (a) 16. 

[00267 

Next explained will be the timeout process for the Y case at S4(a), where the time 
from the detection of the ID area 3 to the detection of the DAM(a) 1 6 exceeds a given 
time period. If DAM(a) 1 6 is not detected even after the time from the detection of the ID 
area 3 to the detection of DAM(a) 16 exceeds the amounts of sync(a) 15 and DAM(a) 16 
(i.e., after the passage of 1 6 bytes), at S3(b) DAM(b) 1 C is detected and the frame 
synchronization signal c is output to the delay circuit 1 9, 

[0027] 

At the delay circuit 19, the frame synchronization signal rj is output without delaying 
the frame synchronization signal c, That is, synchronization is established by sync(a) 15, 
and at S5(b) DAM(a) 16 and sync(h) 17 are skipped and DAM(b) 18 is detected. 

[0028] 

The two causes of the non-detection of DAM(a) 16 are, first, a defective DAM(a) 16 
itself and, second, the inability to detect the reproduction block signal because is was not 
generated by sync(a) 1 5. In the former oa>e, the data area reproduced data e for detecting 
DAM(b) 18 by means of the aforementioned procedure is output; however, in the latter 
case, DAM(b) 18 also is undetectable by means of the aforementioned procedure. In this 
case, it is possible to detect DAM(b) 1 8 by means of the retry routine at S7. Next this 
retry routine procedure will be explained with reference to Figure 4. 

[0029] 

That is. Figure 4 is a flowchart showing the retry routine, S8 indicates an ID detection 
means identical to [that of] S2. At SS. when the desired ID area 3 is detected, the clock 
synchronization circuit iO is operated after a deb.y in the amount of sync(a) 15 and 
DAM('a) 16 (i.e., 16 byi;es), 

[0030] 

Nc-'Xt, at the clock synchronization circuit 1 0 ; syne(b) 1 7 is used to generate the 
playback clock signal, the AM detection circuit ; l detects DAM(b) i 8, and the frame 
synchronization signal c is output as the result of this detection. The frame 
synchronization signal c is input into the delay circuit i9 (S9). Here, however, the frame 
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synchronization signal c' is output without a delay (SIO). The frame synchronization 
signal c' is input into the demodulation circuit 12, DAM(b) is output (SI 1), and the 
reproduced data e of data area 7 is output (S 1 3). Also, at S 1 L if DAM(b) is not detected, 
a timeout (SI 2) results, so reproduction becomes impossible (SI 4). 

[0031] 

Consequently, according to the present embodiment, by alternately disposing multiple 
data area demodulation start position signals and synchronization signals, and by 
disposing the data area demodulation start position signal or multiple [copies] thereof, 
even if a bad sector results from a burst error of synchronization signal sync(a) or data 
area demodulation start position signal (DAM)(a.\ either of the data area demodulation 
start positions signals DAM(b) located thereafter may be detected, thereby dramatically 
improving the incidence of bad sectors attributable to error, in data portion 8. 

[0032] 

The sector format in the second embodiment of the present invention is shown in 
Figure 5. In the second embodiment error-correction parity bytes 35 are added to the data 
portion of the first embodiment, and this is an en or- correction code called interleaved 
Reed-Solomon. 

[0033] 

Figure 6 is a diagram showing the format of the error-correction code in Figure 5. The 
performance of the error-correction code of Figure 6 enables triple error [correction] of 
random errors. Also, for burst errors, it is possible to correct up to 1 1 continuous bytes of 
errors. Consequently, for the data area and error-correction parity bytes 35, it is possible 
to output the correct data area reproduced data e by means of the error-correction 
function, for burst eirors up to 1 1 bytes. 

[0034! 

Figure 7 is the biock diagram showing the configuration of the FD device of the 
second embodiment of the present invention. 36 is the error-correction circuit, and other 
symbols not explained hereinafter indicate functionalities identical or equivalent to those 
of symbols in previous diagrams, 

[0035] 

Regarding the operation of the second embodiment of the present invention, when an 
error occurs in the data area reproduced data e reproduced by means of the procedure in 
the first embodiment of the present invention, error-correction processing is performed by 
the error-correction circuit 36, and [the result] is output as the data area reproduced 
data e'. 

[0036] 

In addition, even if a burst error up to 1 i bytes long occurs in the area in which sync 
and DAM are recorded, only one of the multiple recorded syncs [or] DAMs will become 
an error. Consequently, according to this second embodiment, even if a burst error up to 
1 J byf.es is present anywhere in data portion 9, the correct data area, reproduced data e' 
will on output. 
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[0037] 

Here, supposing that the same error-correction parity bytes 35 as [those] in the second 
embodiment are added to the conventional sector format, when a burst error occurs in the 
data area 7 and the error-correction parity bytes 35, the correct data area reproduced 
data e can be output. However, when a burst error occurs elsewhere than in data area 7 
[or] the error-correction parity bytes 35 (i.e., when a burst error occurs in sync 5 or 
DAM' 6), DAM 6 cannot be detected, so the demodulation circuit 1 2 cannot operate and 
the center data cannot be reproduced. 

[0038] 

Consequently, when an error is caused by a burst error in the data portion 9, if a 
sync 5 and DAM 6 burst error occurs in the conventional sector format, the data cannot 
be reproduced, and it is highly probable that a bad sector will result, in the 
aforementioned second embodiment, however, the incidence of bad sectors resulting 
from sync and DAM burst errors is improved considerably. 

[0030] 

Thus, the aforementioned second embodiment has [the following] effects: It is only 
necessary to detect either the first sync(a) 1 5 [or] the second sync(b) 1 7 as well as either 
DAM(a) 16 [or] DAM(b) 18 located thereafter, so there is considerable improvement in 
the incidence of bad sectors attributable to the inability to generate the clock signal for 
reproduction and the inability to delect DAM., and the hurst error-correction capability of 
the error- correct ion circuit 18 can be utilized veil. 

[0040] 

[Effects of the Invention] 

The floppy disk device of the present invention, which was explained previously, is 
equipped with multiple, alternate sync and DAM in the sector format, and [it] can 
considerably reduce the incidence of bad sectors attributable to the inability to detect 
DAM, because it is possible to reproduce the data area by generating a reproduction 
clock signal by means of either sync and detecting either DAM located thereafter. 

[004 Vj 

in addition, when an error-eorrecuon code is added to the data area to reduce the 
incidence of bad sectors attributable to bad sectors, each DAM is disposed at least the 
correctable burst error length apart, and sync is recorded thereafter. As a result, it is 
possible to significantly reduce the incidence of bad sectors attributable to DAM 
detection mistakes and reproduction clock signal! generation trouble. Therefore, it is 
possible to make good i>;;e of the burst error-correction capability of the error-correction 
circuit. 
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[Brief Explanation of the Drawings] 
[Figure I] 

A diagram showing the sector format in the first embodiment of the present invention. 
[Figure 2] 

A block diagram showing the configuration of the FD device in the first embodiment 
of the present invention. 
[Figure 3] 

A flowchart showing the configuration of the FD device of Figure 2. 
[Figure 4] 

The retry routine flowchart that explains the operation of the FD device of Figure 2. 
[Figure 5] 

A diagram showing the sector format in the second embodiment of the present 
invention. 
[Figure 67 

A diagram showing the error-correction code format in Figure 5, 
[Figure 7] 

A block diagram showing the configuration of the FD device in the second 
embodiment of the present, invention. 
[Figure ?>} 

A diagram showing the sector format of a conventional FD device. 
[Figure 9] 

A block diagram showing the configuration of a conventional FD device, 

[Explanation of the Symbols] 

1 10 area synchronization signal (IDsyne) 

2 ID area demodulation start position signal (IDAM) 

3 I D area 

4 GAP2 

7 Data area 

8 ID portion 

9 Data portion 

10 Clock synchronization circuit 

1 1 Demodulation start position signal detection circuit (AM detection circuit) 

12 Demodulation circuit 

14 CPU 

15 1 st data area synchronization signal (sync(a)) 

1 6 1 ' l data area demodulation start position signal (DAM(a)) 

1 7 2 n( ' data area synchronization signal (sync(b)) 

1 8 2 ii( ' data area demodulation svart position signal (DAM(b)) 

19 Delay circuit 

20 Timer 

35 Error-correction oarity bytes 

36 Error-correctioi'; circuit 
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Key 

10 Clock sync circuit 

\ 1 Demodulation start position signal detection circuit 

12 Demodulation circuit 

13 Switch 

19 Delay circuit 

20 Timor 

a Reproduction pulse 
b Pulse data 

0 Frame synchronization signal 
c' Frame synchronization signal 
d Demodulated data 

e Data area reproduced data 
g ID-data select signal 
h 3D area data 

1 Timer start signal 
j Timeout signal 

k Delay indication signal 
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(54) [Title of the Invention] 
Floppy Disk Device 

(57) [Abstract] 
[Purpose] 

Improves the rate of occurrence of sector errors attributable to the impossibility of 
clock synchronization, the non-detection of the demodulation start position, etc., as the 
result of a missing pulse or a burst error, in a floppy disk. 

[Constitution] 

A plurality of the respective clock synchronization signals sync l , 1 5, and 1 7 and 
demodulation start position signals DAM 2, 16, and 18 are recorded alternately, multiple 
respective units at a time, in a sector format; clock synchronization is established by 
means of any one of the clock synch signals sync; and any one of the demodulation start 
position signals DAM located thereafter is detected; thus the timing for operating the 
demodulation circuit is determined. 
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16 1 st data area demodulation start position signal (DAM (a)) 

17 2 nd data area synchronization signal (sync(b)) 

18 2 nd data area demodulation start position signal (DAM(b)) 
a 1 2 bytes 

b 4 bytes 
c 512bvtes 
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[Claims] 
[Claim i] 

A floppy disk device characterized in that [on it] are recorded alternately multiple 
copies of both a demodulation start position signal that indicates the demodulation start 
position of the reproduced data string and a reproduction clock synchronization signal 
within the sector; and [in that it] is equipped with a means of generating the recorded 
information in a digital signal from a floppy disk on which information is recorded in 
sector units, a means of generating a frame synchronization signal from the reproduction 
clock synchronization signal, a means of detecting the demodulation start position signal 
and generating a demodulation start indication signal, and a means of demodulating the 
target data by means of the said demodulation start indication signal. 

[Detailed Explanation of the Invention] 
[000 1] 

[Field of Industrial Application] 

The present invention relates to a floppy disk device used as an information output 
device, such as a computer. 

[0002] 
[Prior Art] 

The sector format for a conventional floppy disk (hereinafter abbreviated FD) is 
shown in Figure 8. In Figure 8, I is the ID area synchronization signal (hereinafter 
abbreviated IDsync) for synchronizing the reproduction device-side clock with the ID 
area signal; 2 is the ID area demodulation start position signal (hereinafter abbreviated 
IDAM) that indicates the start of the ID area; 3 is the ID area in which the address 
information for each sector is recorded; 4 is the G AP2 that functions as a buffer with the 
data portion during data recording and reproduction; 5 is the data area synchronization 
signal (hereinafter abbreviated sync) for synchronizing the reproduction device-side 
clock with the data area signal; 6 is the demodulation start position signal (hereinafter 
abbreviated DAM) that outputs the data area start position; and 7 is the data area in which 
user information is recorded. 

[0003] 

The aforementioned sector format's IDsync I to ID area 3 is called ID portion 8, and 
sync 5 to data area 7 is called data portion 9. 

[0004] 

Figure 9 is a block diagram showing the configuration of a conventional FD device. 
In Figure 9 r 10 is the clock synchronization circuit that synchronizes the device-side 
clock with IDsync 1 and sync 5. 1 1 is the demodulation start position signal detection 
circuit (hereinafter abbreviated AM detection circuit) that detects IDAM 2 and DAM 6; 
1 2 is the demodulation circuit that demodulates the synchronized signal; 1 3 is the switch 
that switches between whether the demodulated data is the ID portion 8 or the data 
portion 9; and 14 is the CPU. 
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[0005] 

Next, the operation of the aforementioned conventional example will be explained. In 
Figure 9, a is the reproduction pulse that digitizes the reproduced signal, which is input 
into the clock synchronization circuit 10. The clock synchronization circuit 10 generates 
the reproduction clock signal by means of a PLL (phase-locked loop) by using IDsync 1, 
and [it] outputs the puise data b synchronized with this reproduction clock signal. 

[0006] 

The pulse data b is input into the AM detection circuit 1 1 and the demodulation 
circuit 12, and in the AM detection circuit 11, IDAM 2 is detected and the frame 
synchronization signal c is provided to the demodulation circuit 12. In addition, when the 
frame synchronization signal c is received at the demodulation circuit 12, demodulation 
is started, and the ID area 3 signal is demodulated into an NRZ (non-return-to-zero) 
signal. The [resulting] demodulated data d fs output and input into the switch 13. 

[0007] 

At the CPU 14, during the reproduction of the ID portion 8, the ID-data selection 
signal g is switched so as to output to the CPU side the ID area data h. In this state, the 
CPU 14 determines the ID area data h. If it does not have the desired address, [the CPU] 
awaits the next sector; if it has the desired address, [the CPU] switches the switch 1 3 by 
means of the ID-data selection signal g, so as to output the data area reproduced data e of 
the recorded data portion 9. 

[0008] 

Then, after the aforementioned desired ID detection, the clock synchronization 
circuit 1 0 generates the clock signal for reproduction, by using sync 5, and outputs the 
pulse data b. The pulse data b is input into the AM detection circuit 1 1 and the 
demodulation circuit 12, and when DAM 6 is detected by the AM detection circuit 11, 
[it] provides the frame synchronization signal o to the demodulation circuit 12. Upon 
receiving the frame synchronization signal c, the demodulation circuit 12 outputs the 
demodulated data d [obtained] by demodulating the signal of the data area 7 into an NRZ 
signal., [after which it] outputs the data area reproduced data e via the switch 13. 

[0009] 

As aforementioned. DAM 6 is an important signal for recognizing the start of data. 
Formerly, DC erase frequently was used for DAM 6, Recently, however, because data 
loss (e.g., a missing milse) sometimes is misdeteoted as DAM 6, an increasing number of 
methods use a specific pattern. 

[0010] 

[Problems That the Invention Is to Solve] 

However, in the aforementioned conventional FD device, when DAM 6 cannot be 
detected because of loss, such as data loss (missing puise), the data area start position 
cannot be detected, so it sometimes is impossible to reproduce data. 
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[0011] 

Also, when a significant loss (hereinafter, burst error) of several bytes occurs in 
sync 5, the PL,L cannot synchronize, so the clock signal for reproduction cannot be 
generated. Consequently, a problem results: It becomes impossible to detect the DAM 6 
pattern, and the demodulated data d sometimes is not output faithfully. 

[0012] 

That is, there is a, problem in that a bad sector is produced by me occurrence of a 
missing pulse or burst error in data portion 9 other than data area sync 5, DA M 6, etc. 

[0013] 

The present invention sol ves such conventional problems and aims at providing a 
superior FD device capable of reducing the incidence of bad sectors attributable to the 
inability to detect DAM 6 and the inability to generate a reproduction clock signal by 
means of sync 5, as the result of a burst error, missing pulse, etc. 

[0014] 

[Means of Solving the Problems] 

The present invention is [configured] such that it is equipped alternately with multiple 
sync and DAM in the sector format, and if either sync or DAM is delected, it is possible 
to operate the demodulation circuit. 

[0015] 

[Function of the invention] 

According to the presem invention, only a DAM or sync, a plurality of which are 
provided in the sector format needs to be detected, which significantly reduces the 
incidence of bad sectors attributable to the inability to detect DAM and the inability to 
generate a reproduction clock signal by means of sync. 

[0016] 

[Embodiments] 

Figure 1 shows the sector format in one embodiment of the present invention. In 
Figure 1, 15 is the 12-byte 1 st data area synchronization signal (hereinafter abbreviated 
sync(aV), 16 is the 4 -byte 'I st data area demodulation start, position signal (hereinafter 
abbreviated DAM(a)) ; 17 is the j?.-byte 2 nd date area synchronization signal (hereinafter 
abbreviated sync(b)), i 8 is the 4-byte 2 nd data area demodulation start position signal 
(hereinafter abbreviated DAM(b)). and the other symbols are as explained in Figure 8. 

[0017] 

Figure 2 is a block diagram showing the configuration of the FD device of the first 
embodiment of the present invention. In Figure 2, members 10 through 14 correspond to 
[those in] Figure 9 or have equivalent functionality. As for the other symbols, 19 is the 
delay circuit, and 20 k the timer. 
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[0018] 

Next, the operation of the aforementioned first embodiment of the present invention 
will be explained, a is input into the clock synchronization circuit 10 in the reproduction 
pulse [obtained by] digitizing a reproduction signal. The clock synchronization circuit 10 
generates a reproduction dock signal by using IDsync I (see Figure 1) and outputs pulse 
data b synchronized with this reproduction clock signal. 

[0019] 

The pulse data b is input into the AM detection circuit 1 ! ? and when the IDAM 2 is 
detected, the frame synchronization signal c is output, after which [it] is input into a delay 
circuit 19. The amount of delay of the delay circuit 19 is controlled by the delay 
indication signal k from the CPU 14, and the amount of delay is set to 0 in ID area 3. 

[0020] 

Consequently, the frame synchronization signal c' is output from the delay circuit 19 
to the demodulation circuit; \ 2, but the timing in ID area 3 is identical to the frame 
synchronization signal c output from the AM detection circuit 1 1 . Demodulation starts at 
the demodulation circuit 1 2 that received the frame synchronization signal c', and the 
demodulated data d [obtained by] demodulating the ID area 3 signal to an NRZ signal is 
output, after which it is input at switch 13. 

[0021] 

At the CPU 14, the ID-data selection signal g is switched so that, during the 
reproduction of the ID portion 8, the switch 1 3 outputs the ID area data h to the CPU 14. 
In this state, the CPU 14 detects the ID area data h. If [the address] is not the desired 
address, it awaits the next sector; if ;t is. it switches the ID-data selection signal g so that 
the switch 13 outputs the data area reproduced data e. for the continuously recorded data 
portion, 

[0022] 

Figure 3 is a flowchart showing the reproduction operation of the data portion 9, after 
the detection of the aforementioned desired ID area 3. Next, this figure will be used to 
explain the operation, with "step" abbreviated as S. 

[0023] 

First at SI. tm ID area 3 of the address, in which is recorded the desired data, is 
detected by means of the aforementioned procedure. At. S2, after the desired ID area 3 is 
read, the reproduction clock signal is generated by using sync(a) 1 15 in the clock 
synchronization circuit 10. At S3(a), [execution] waits until DAM(a) 16 is input by the 
AM detection circuit i 1 . If there is no problem, DAM(a) 16 is detected and the frame 
synchronization signal c is output to the delay circuit 1 9. the CPU 14, and the timer 20. 



Translators note: The Japanese patent contains the typo "syne(-3). v 



idem Job Mo. 0706-101 Page 7 of 15 
Patent Application Public Disclosure No. H5-1 59465 

Translation from Japanese 

[0024] 

Then, at S5(a), the delay circuit 19 delays the frame synchronization signal c received 
from the AM detection circuit 1 1, by the amount of sync(b) 17 and DAM(b) 18 (i.e., by 
16 bytes) and outputs the frame synchronization c' to the demodulation circuit 12. At the 
demodulation circuit 12, this frame synchronization c' is received, and the reproduction 
puise for the data area 7 is demodulated and output as the demodulated data d. 

[0025] 

When DAM (a) 1 6 is detected at the aforementioned S3(a), the loop S4(a) is used to 
monitor with the timer 20 the time from the detection of the ID area 3 to the detection of 
DAM (a) 16. 

[0026] 

Next explained will be the timeout process for the Y case at S4(a), where the time 
from the detection of the ID area 3 to the detection of the DAM(a) 1 6 exceeds a given 
time period. If DAM(a) 1 6 is not detected even after the time from the detection of the ID 
area 3 to the detection of DAM(a) 16 exceeds the amounts of sync(a) 15 and DAM(a) 16 
(i.e., after the passage of 1 6 bytes), at S3(b) DAM(b) 1 C is detected and the frame 
synchronization signal c is output to the delay circuit ) 9. 

[0027] 

At the delay circuit 19, the frame synchronization signal c' is output without delaying 
the frame synchronization signal c, That is, synchronization is established by sync(a) 15, 
and at S5(b) DA.M(a) 16 and sync(b) 17 are skipped and DAM(b) 18 is detected. 

[0028] 

The two causes of the non-detection of DAM(a) 16 are, first, a defective DAM(a) 16 
itself and,, second, the inability to detect the reproduction block signal because is was not 
generated by sync-(a) 1 5. In the former case, tihe data area reproduced data e for detecting 
DAM(b) 1 8 by means of the aforementioned procedure is output; however, in the latter 
case, DAM(b) 1 8 also is undetectable by means of the aforementioned procedure. In this 
case, it is possible to detect DAM(b) 1 8 by means of the retry routine at S7. Next this 
retry routine procedure will be explained with reference to Figure 4. 

[0029] 

That is, Figure 4 is a flowchart showing the retry routine, S8 indicates an ID detection 
means identical to [that of] S2. At S5i ; when the desired ID area 3 is detected, the clock 
synchronization circuit 10 is operated after a delay in the amount of sync(a) 1 5 and 
DAM('a) 16 (i.e., 16 byres), 

[0030] 

Next, at the clock synchronization circuit 10. sync(b) 17 is used to generate the 
playback clock sigrah the AM detection circuit ) ] detects DAM(b) i 8, and the frame 
synchronization signal c is output as the result of this detection. The frame 
synchronization signal c is input into the delay circuit i 9 (S9). Here, however, the frame 
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synchronization signal c' is output vvithout a delay (SIO). The frame synchronization 
signal c' is input into the demodulation circuit 12, DAM(b) is output (SI l), and the 
reproduced data e of data area 7 is output (S 1 3). Also, at 8 1 1 . if DAM(b) is not detected, 
a timeout (S12) results, so reproduction becomes impossible (S I 4). 

[003 1 1 

Consequently, according to the present embodiment, by alternately disposing multiple 
data area demodulation start position signals and synchronization signals, and by 
disposing the data area demodulation start position signal or multiple [copies] thereof, 
even if a bad sector results from a burst error of synchronization signal sync(a) or data 
area demodulation start position signal (DAM)(a.)., either of the data area demodulation 
start; positions signals DAM(b) located thereafter may be detected, thereby dramatically 
improving the incidence of bad sectors attributable to error, in data portion 8. 

[0032] 

The sector format in the second embodiment of the present invention is shown in 
Figure 5. In the second embodiment, error-correction parity bytes 35 are added to the data 
portion of the first embodiment, and ih\s is an emu-correction code celled interleaved 
Reed-Solomon. 

[0033] 

Figure 6 is a diagram showing the format of the error-correction code in Figure 5. The 
performance of the error-correction code of Figure 6 enables triple error [correction] of 
random errors. Also, for burst errors, it is possible to correct up to 1 1 continuous bytes of 
errors. Consequently, for the data area and eiror-correction parity bytes 35, it is possible 
to output the correct data area reproduced data e by means of the error-correction 
function, for burst errors up to 1 1 bytes. 

[0034! 

Figure 7 is the block diagram showing the configuration of the FD device of the 
second embodiment of the present invention. 36 is the error-correction circuit, and other 
symbols not explained hereinafter indicate functionalities identical or equivalent to those 
of symbols in previous diagrams, 

[0035] 

Regarding the operation of the second embodiment of the present invention, when an 
error occurs in the data area reproduced data e reprod uced by means of the procedure in 
the first embodiment of the present invention, error-correction processing is performed by 
the error-correction circuit 36 5 and [the result] is output as the data area reproduced 
data*/'. 

[0036] 

in addition, even if a burst error up to 1 1 bytes long occurs in the area in which sync 
and DAM are recorded, only one of the multiple recorded syncs [or] DAMs will become 
an error. Consequently, according to this second embodiment, even if a burst error up to 
1 1 bytes is present anywhere in dam portion 9, the correct data ares-, reproduced data e' 

wiii oe output,. 
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[0037] 

Here, supposing that the same error-correction parity bytes 35 as [those] in the second 
embodiment are added to the conventional sector format, when a burst error occurs in the 
data area 7 and the error-correction parity bytes 35, the correct data area reproduced 
data e can be output. However, when a burst error occurs elsewhere than in data area 7 
[or] the error-correction parity bytes 35 (i.e., when a burst error occurs in sync 5 or 
DAM 6), DAM 6 cannot be detected, so the demodulation circuit 1 2 cannot operate and 
the center data cannot be reproduced. 

[0038] 

Consequently, when an error is caused by a burst error in the data portion 9, if a 
sync 5 and DAM 6 burst error occurs in the conventional sector format, the data cannot 
be reproduced., and it is highly probable that a bad sector will, result. In the 
aforementioned second embodiment, however, the incidence of bad sectors resulting 
from sync and DAM burst errors is improved considerably. 

[003?] 

Thus, the aforementioned second embodiment has [the following] effects: It is only 
necessary to detect either the first sync(a) 1 5 [or] the second sync(b) 1 7 as well as either 
DAM(a) 16 [or] DAM(b) 18 located thereafter, so there is considerable improvement in 
the incidence of bad sectors attributable to the inability to generate the clock signal for 
reproduction and the inability to detect DAM., and the hurst error-correction capability of 
the error-correction circuit 18 can be utilized well. 

[0040] 

[Effects of the invention] 

The floppy disk device of the present invention, which was explained previously, is 
equipped with multiple, alternate sync and DAM in the sector format, and [it] can 
considerably reduce the incidence of bad sectors attributable to the inability to detect 
DAM. because it is possible to reproduce the data area by generating a reproduction 
clock signal by means of either sync and detecting either DAM located thereafter. 

[0041] 

in addition, when an error-correction code is added to the data area to reduce the 
incidence of bad sectors attributable to bad sectors, each DAM is disposed at least the 
correctable burst error length apart, and sync is recorded thereafter. As a result, it is 
possible to significantly reduce the incidence of bad sectors attributable to DAM 
detection mistakes and reproduction clock s.\%m) generation trouble. Therefore, it is 
possible to make good use of the burst error-correction capability of the error-correction 
circuit. 
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[Brief Explanation of the Drawings] 
[Figure l] 

A diagram showing the sector format in the first embodiment of the present invention. 
[Figure 2] 

A block diagram showing the configuration of the FD device in the first embodiment 
of the present invention. 
[Figure 3] 

A flowchart showing the configuration of the FD device of Figure 2. 
[Figure 4] 

The retry routine flowchart that explains the operation of the FD device of Figure 2. 
[Figure 5] 

A diagram showing the sector format in the second embodiment of the present 
invention. 
[Figure 61 

A diagram showing the error-correction code format in Figure 5. 
[Figure 7] 

A block diagram showing the configuration of the FD device in the second 
embodiment of the present invention. 
[Figure 8 1 

A diagram showing the sector format of a conventional FD device. 
STigure 91 

A block diagram showing the configuration of a conventional FD device. 

[Explanation of the Symbols] 

1 ID area synchroni.ration signal HDsyno) 

2 ID area demodulation start position signal (I DAM) 

3 1 0 area 

4 GAP2 

7 Data area 

8 ID portion 

9 Data portion 

10 Clock synchronization circuit 

1 1 Demodulation start position signal detection circuit (AM detection circuit) 

1 2 Demodulation circuit 

14 CPU 

15 1 st data area synchronization signal (sync(a)) 

16 1 st data area demodulation start position signal (DAM(a)) 

1 7 :2 n(1 data area synchronization signal (sync(b)) 

18 :*> p,t ' data area demodulation start position signal (DAM(bj) 

19 Delay circuit 

20 Timer 

35 Error-correction parity bytes 

36 ^rror-coiTecnoi; circuit 
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5 Data area synchronization signal (sync) 

6 Data area demodulation start position signal (DAM) 
a 512 bytes 



Figure 4 
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a Retry routine 

S8 ID detection 

S 1 0 Synchronization 

51 2 Timeout? 

5 1 3 Reprod jced d ata o utpu t 

51 4 Reproduction impossible 
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1 ID area synchronization signal (IDsync) 

2 ID area demodulation start position signal (I DAM) 

3 I D area 

7 Data area 

8 IDpoiticn 

9 Data portion 

15 I s1 data area synchronization signal (sync(a)) 

16 1 st data area demodulation start position signal (DAM(a)) 

1 7 2 nd data area synchronization signal (sync(b)) 

1 8 2 nd data area demodulation start position signal (DAM(b)) 
a 1 2 bytes 

b 4 bytes 

c 512 bytes 
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Figure 2 
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10 Clock sync circuit 

! 1 Demodulation start position signal detection circuit 
!2 Demodulation circuit 
13 Switch 

19 Delay circuit 

20 Timor 

a Reproduction pulse 
Pulse data 

Frame synchronization signal 
Frame synchronization signal 
Demodulated data 
Data area reproduced data 
ID-data select signal 
ID area data 
Timer start signal 
Timeout signal 
Delay indication signal 
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S ! ID detection 

S2 Synchronization 

S4(a) Timeout? 

S4(b) Timeout? 

56 Reproduced data output 

57 Retry routine 
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a 12 bytes 
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a 4 frames 

b 128 bytes 

c Code words 

d User data 

e Parity data, 6 bytes 
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10 Clock sync circuit 

1 1 Demodulation start position signal detection circuit 

12 Demodulation circuit 

13 Switch 
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10 Clock sync circuit 

1 1 Demodulation start position signal detection circuit 

12 Demodulation circuit 

13 Switch 

1 9 Delay circuit 

20 Timer 

36 Error-correction circuit 
e' Data area reproduced data 



